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APPARATUS AND METHOD FOR WATER PURIHCATION 
BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
This invention related to new and useful improvements in electro- 
5 lytic cells and to methods of using such cells for purification of water, 
sewageeffluentandotheraqueousliquids. 

BRIEFDESCRIPnONOFTHE PRIOR ART 
The use of chlorine for disinfecting bodies of water, such as 
swimming pools, baths, reservoirs, sewage, etc. is well known. In the' 
10 past, chlorine has usually been supplied by direct application of chlorine 
gas from tanks containing the gas under pressure. There have also been a 
number of commercial uses of electrolytic chlorine-generating equip- 



ment, 



15 



20 



LindstaedtU.S.Patent 2387,444 disclosesa system in which a body 
of water, such as, a swimming pool, is provided with a low concentration 
of dissolvedcommon salt and a stream of water is removed from the main 
body and electrolyzed to produce chlorine and the chlorine and water 
stream returned to the main body of water. 

Murray U.S. Patent 3,223,242 discloses another type of electrolytic 
cell for generating chlorine for introduction into a stream of water re- 
moved from and introduced back into a swimming pool or other body of 
water. 



25 



30 



Richards U.S. Pat, No. 3,282,823 discloses an electrolytic cell for pro- 
duction of chlorine positioned in-line for introducing chlorine into a 

stream of water removedfrom and reintroduced intoaswimming pool. 

Other chlorinating systems using electrolytic cells for production 
of chlorine for chlorinating bodies of water a« shown in Murray U S 
Patent 2^1,663, Oldershaw U.S. Pat. No. 3,351,542, Colvin U.S. Pat. No 
3,378,479, Kirkham U.S. Pat. No. 3,669^57, and Yates U.S. Patent 
4,097,356. TTiese electrolytic cells are disclosed in a variety of configura- 
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Hons and most of the cells utilize ion-permeable membranes separating 
the an de and cathode compartments. 

lon-penneable membrane technology used in electrolytic cells is 
well developed. Ion-permeable membranes used in electrolyHc cells have 
5 ranged from asbestos diaphragms to carboxylate resin polymers to per- 
fluorosulfonic add polymer membranes. The perfluorosulfonic acid 
membranes were developed by DuPont for use in electrolyHc cells. 

Dotson US. Patent 3,793,163 discloses the use of DuPont perfluoro- 
sulfonic acid membranes in electrolytic cells and makes reference to U.S 
10 Patents 2,636351; 3,017,338; 3,560,568; 3,496,077; 2,%7,807; 332,875 and 
British Patent 1,184,321 as disclosing such membranes and various uses 
thereof. 

Walmsley Patent 3,909,378 discloses another type of fluorina- 
tion exchange polymer used in membranes for electrolytic cells for elec- 
15 trolysisofsaltsoIuHons. 

Further discussion of membrane technology used in electrolytic 
cells may be found in Butler U.S. Patent 3,017,338, Danna U.S. Patent 
3,775,272, Kircher U.S. Patents 3,960,697, Carlin U.S. Pat. No. 4,010,085 and 
Westerlund U.S. Patent 4,069,128. 

Discussion of perfluorosulfonic add membranes is also discussed 
in the technical literature, e.g., Dupont Magazine, May-June 1973, pages 
22-25 and a paper entitled "Perfluorinated Ion Exchange Membrane" by 
Grot, Munn and Wahnsley, presented to the 141st National Meeting of 
the Electro-ChemicalSoclety, Houston, Texas, May 7-11, 1972. 

The shiicture of electrodes used in electrolytic cells is set forth in 
most of the patents listed above. AddiHonally, the following U.S. Patents 
disclose particular configurations of anodes or cathodes used in electro- 
lytic cells. 

Giacopelli U.S. Patent 3,375,184 discloses an electrolytic cell with 
controllable multiple electrodes which are flat plates of wedg^-shaped 
configuration. 
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Ettel U.S. Patent 3^21,097 discloses the use f flat plates in electro- 
plating cells. 

Lohrberg US. Patent 3,951,767 discloses the use of flat plate elec- 
trolyHc anodes having grooves along the bottoms thereof for conducting 
5 gas bubbles generated in the electrolytic process. 

Andreoli U.S. Patent 565,953 discloses electroplating apparatus 
having a plurality of metal screens which are not connected in the electric 
circuit and function to plate out the metal being separated by the elec- 
trolysis. 

10 As discussed above, electrolytic production of chlorine and other 

oxidants for use in water purification is well known in the literature and 
in patents. The following patents are representative of tiie prior art on 
miniaturization of eIectrol3rtic cells. 

Fair et a! U.S. Patent 4,714^34 discloses an electrolytic cell used to 
15 produce dilute quantities of a halogen solution from water containing di- 
lute quantities of salt to disinfect and sanitize the water. The cell further 
employs mono-polar electrodes of trapezoidal shape and an electrode 
separating plates that ensures proper alignment and equal separation of 
the electrode plates during operation. 
20 Okazaki U.S. Patent.: 4,481^)96 discloses a pot-typed water purifier 

with an eledrolyzer which comprises a pot body having an opening at the 
top thereof, the pot body including an electrolyzing vessel divided into 
two chambers by a porous partition formed into a hollow shape, the 
chambers having therein negative and positive electrodes to form nega- 
25 tive and positive chambers, respectively, a storage chamber airtightiy 
separated from the elertrolyzing vessel, means for supplying air pressure 
to the negative chamber and storage chamber alternatively so as to trans- 
port the water from the negative chamber to the storage chamber or to 
transport water from the storage chamber to a pouring nozzle, and a cover 
30 detachablycoveringsaidopeningatthetop f the pot body, said opening 
being adapted to supply water to the electrolyzing vessel. 
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v.cef„^.,.„en, f .h. flow o, „„„ .h^^H a pipe c ™,u«.y*„«, 
reduce the lonn^ „ ^ ^ ^ ^ ^ 

"-..er supply rwe efec^Uc o, ^ ,^ 

.o d.^p. .he colUc^ ^ e,w™„ ^^^^ ^^^^ 

conoia. ».p«.<,ed m .he wa.er, ,„d ™ i.» „„i™„ 

10 ''"*'><«»,«„o»aI„;«cun,ula.eddep<«i,.i„,hesys.«„ 

.y..c «,, ft„ p„rt,b.e device. cc.n.pH.ing a ve^l an e..*o,y.e. a cap a 

gasspace,cha„«„ahyri„.h.a«p.,aHn8wa„a™,c„„.,cH.™echa™e, 
labyr.n.hs eH,„i™te u.e ouM„„ a, .he ..e«™,y.e fn«. .he ceil in iu 
.ve«„™d posiHo^ .ende, .he ^ ,rf elec,™,y.e .„ ^ ve»e,. .„ ,he 
ong-na. level po»ibIe.-n» cmaCcan be i™.„da.ed by «,e elecoiy.. 
and ,„ U.i. way „ <„,e, elecWc ci^, be cIo«d for cuHing „„. ,he 
o£ ele«™,y.eand for .ig«,i.a«„g,he overh^oed p..i.i„„ offt. 

0 '•'«'^»'«"lW.S.Paten.4.„«20discl„,esap„ificaHo„«„i, 
hav.^a„ elechotyHccell adapted ,o hold a body of wa.e„o be purified 
«d having elecwcaily i„,ula.ed e,ec.™des, a pu^p ,„pp,yi„, 
wa..r.obep„ri,ied.„U,ecen«™ughafi..e,anddHvi„gp.Hfi^',^ 

"'^POW«»pp,y,„„pptyi^.,^^^^,^^^ 

e.ec,.„de..acon.„„ci,c«i.wWchgene«.esa«n.,ble.igna,i„dicaH.eo, 
.he operaHng cndi«on» „, «,e pun,p. H.e power supply, and ,he flher. 
and a housing which encloses the cell the n«m« fk^ 
*e con.,01 dreuH. 

"•"•S"«en,M07.021di.closesawa.erpo.wi,hanele«,.. 

lyz-ngdevicewithapo. body having an openi„ga„he .op Uie,«,fanda 
l-idle; T*e po, b«ly has an e.ec*.,yzingv.,.el divided into nvo chan. 



4 



BNSDOCID: <WO__9804502At_t> 



15 



20 



25 



30 



PCTAJS97/10679 

bers by a p rous partition formed into a hollow shape, the chambers hav- 
ing negative and posiHve electrodes. Water is removed from the positive 
electrode chamber after an electrolyzmg operaHon. A cover is detachably 
mountable on the opening at the top of the pot body, the openmg being 
5 adapted to supply water to the vessel and the hollow porous partition be- 
ing adapted to be inserted into 

the vessel and removed therefrom through said opening. A nozzle 
formed in the cover or in the remaining portion of the pot body commu- 
nicates with the negaUve electrode chamber. 
10 Fischer U.S. Patent 4,089,768 discloses an electrolytic water purifi- 

caHon system operatedfromabatteryincludinganelectrolyticcell, which 
may purify water properly only when an applied voltage exceeds the bat- 
teiy output voltage. A power supply circuit energized by the batteiy fur- 
nishes the necessary higher voltage. An electrically driven pump is di- 
rectly energized by the batteiy for pumping the water to be purified 
through the cell. The pump is automaHcally deenergized when the con- 
ducH vi ty of the water or the available voltage is outside prescribed limits. 

Reis U.S. Patem 4,06-.,556 discloses an electrolytic purification ap- 
paratus having a receiving chamber and an electrolytic cell. The receiving 
chamber communicates with a fiUing aperture at the top of the housing, 
which is upwardly open in the operating position of the apparatus. A first 
conduit connects a bottom portion of the chamber with an inlet portion of 
the cell, and a second conduit connects an outlet portion of the cell, up- 
wardly spaced from the inlet portion but lower than the filling aperture, 
with a discharge aperture at the lower end of the housing. The chamber, 
cell, and conduits define a continuous path of liquid flow from the filling 
to the dischaige aperture, the path extending downward in the chamber, 
upward in the cell, and downward again in the second conduit. Two elec 
trodes, offset from the flow path in the cell in opposite, fransverse direc 
Hons, are supplied with direct current for passage of the current in the cell 
through liquid flowing in the af re-described flow path. 
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co™™,„ p„„„. 

acidic water and alkaline water. 

SUMMARYOFTHEINVENTION 
0« „, .he obi«.. of .hi. i„v««„„ i. ^ 

e.c. W^ng, .o^ por.,b,e.l«..„,^i„.„ and as^ocU..., appa^a Jo, 
novel construcUon. FK^amsor 

A™,«,„ .bjec. of ftis invenHon i, u, provide a „e„ ,.„, i^„^,^ 

;^'P<-''-.ec.n..^c„„f,..«.„„.of.,.„,^,^J2L 
15 nanteo,.oraisethepHof.hewae,. 

nan.„.o..,«.h.pHof.h.„,.„„,havingaHookfors„pp,«™rh 
"'"""".wanofaco^^^^^^^^^^^^ 

•mau ^.^ ^ ^ ^ ^^^^^^ P 

»»..apo.i«.o„„i„div.d„U.r.ea.n,„.of«a.e,.oo.di.r. 
tanunanteortoaise the pH of the water. 

^'*^'"'*«'<'"Wsi„v«,Hon,s.op„.,d.a„,„a™.i,„p,ov.d 
™.«P<«aB,e.,ec.ro,^,„^,,,^^^^^^,^ 

son »" or .„ a pocke. of an i^Uv^dnal for .rea^men. of water te oxiL 
™na o,,,^^^^__^,^^^^^^^_^^^^ 

byaac-outpultranafonner. 

*""*"'"^«">"W"-««Honistoprovide.„e„a„ata.,^,, 
. ^^"■^"'"'""'a.^.rea.nten.c.pH.inganenCosedco^pI^:^ 
conte.nn« one eiecrode and ano.H„ eieCrode ^pponed on .he con.- 
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Pa*n«. open to .he ,u™«„di„g U^id wh«, fte cU i, u, 
water. 

c„n,a,™„g .„ .fc^ ^ ^ ^^^^ 
paxto.^ .p.„ to ft. .^„di^ ^ ^„ ^ ^ 

w«e,. ft. compa«„«„ fc^ , ^, ^ ^^^^ 

ft«eu, of , p.„^ ^ ^ ^ ^ 

leakag. wh.n th. «11 is laid on ils sida 

M ^^™*"'"'i«'f«W»inv««i„„,stop„videa„.w,„di™p,„ved 
eI«ta.lyHcc.Il,„,„ator,reatae„.co„.p,i,i„ga„.«ta^j„„^^, 
contoi^ng a caft«,e and an anode efecod. ,„pport«, .„ 
mem open to ft. ,„„oundingli,„id „h«, ft. cU i. i„„^,j i„ „^ 

*"°"""'"'*«»»f«l<«i"venUoni,topn>vid.,„«,a„dimp™v«i 
15 ='«^<"y«icc.n,o,„,.er.^.^.„H.p^g„^^^^^^ 

cntainingan ««„,. a„d a «h«I. .^^^ ^ ,h. ..„p,rt».„, 
to ft. sumwndirgll,«id when*, cdl 1, te,„.^ i„ ^ 

Anoft„„bj«,.f Urf. inv«tfionl. topn^id. a „.« ,„d in,p,„v«l 
"^otyHccellt^„^^,,^^^^^^^ ^^^^ cn,p,rtn.e« 
c«.Uini„gon. .l«,™d.,an openingin a «a.l offt. c.™part„.„, Cosed 
by an ««1«nn«blem«.b™«,„j^h„,,^^^^_^p^___^^^^ 

«m.p.rft,en,, adjacew to fte n«n,bran. and op«, to ft. «™„nding 
liquid when fte cell is imm.rs«l in water. 

^"""'""■"hi'ta^nti.-.istoprovidean.wandin.pn.v.d 

2S '"*»'y«icceIlf„,wa.„..«to,.«compri,ingan«,clos«,.o™pa*„«, 
con,ainingone.,«.™te.,„.,^,„,^^,^^^^^^^^^ 

byacaHon.p«n.abl.„»„„^,^^„„^^^^p^_^^^^^ 
o«n.p«m.nt, ,djac«« to ft. .«„han. and „p.n to the surrounding 
li<lmdwh«ift.cdIisimmOT«ii„waler. 

Ano,h«^objec,of fti. invenHonis to providea new and improved 
eI«*oly«cceUforwa,.r.r.a.n,.n.con,prisi„gan«.,os«,con,pa„„..n. 
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c ntainingacathodeandanan de, supported on the compartment, adja- 
cent to the membrane and open to the surrounding liquid when the cell is 
immersed in water. 

Another object of this invention is to provide a new and improved 
5 electrolytic cell for water treatment comprising an enclosed compartment 
containing an anode and a cathode supported on the compartment, adja- 
cent to the membrane and open to the surrounding liquid when the cell is 
immersed in water. 

Another object of this invention is to provide a new and improved 
10 method for treatment of water to oxidize contaminants or to raise the pH 
of the water by providing small portable electrolytic cell, inserting the 
cell into water and energizing the cell for treatment of water to oxidize 
contaminants or to raise the pH of the water. 

Another object of this invention is to provide a new and improved 
15 method for treatment of water to oxidize contaminants or to raise the pH 
of the water by providing small portable electrolytic cell, of a size suit- 
able for carrying on the person or in a pocket of an individual, inserting 
the cell into water and energizing the cell for treatment of water to oxi- 
dize contaminants or to raise the pH of the water. 
20 Another object of this invention is to provide a new and improved 

method for treatment of water to oxidize contaminants or to raise the pH 
of the water by providing small portable electa^olytic cell, powered by bat- 
teries or by a D.C-output transformer, of a size suitable for carrying on 
the person or in a pocket of an individual, inserting the cell into water 
and energizing the cell for treatment of water to oxidize contaminants or 
to raise the pH of the water. 

Another object of this invention is to provide a new and improved 
method for treatment of water to oxidize contaminants or to raise the pH 
of the water by providing small portable electrolytic cell for water treat- 
ment comprising an enclosed compartment containing one electrode and 
another electrode supported on the compartinent open to the surrounding 
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liquid when the cell is immersed in water, inserting the cell into water 
and energizing the cell for treatment of water t xidize contaminants or 
t raise the pH of the water. 

Another object of this invention is to provide a new and improved 
5 method for treatment of water to oxidize contaminants or>o raise the pH 
of the water by providing smaU portable electrolyHc cell for water treat- 
ment comprising an enclosed compartment containing one electrode and 
another electrode supported on the compartment open to the surrounding 
liquid when the cell is immersed in water, providing an aqueous solution 
10 of sodium chloride or sodium hydroxide in the compartment, inserHng 
the cell into water and energizing the cell for treatment of water to oxi- 
dize contaminants or to raise the pH of the water. 

Another object of this invention is to provide a new and improved 
method for treatment of water to oxidize contaminants or to raise the pH 
15 of the water by providing small portable electrolytic cell for water treat- 
ment comprising an enclosed compartment containing one electrode and 
another electrode supported on the compartment open to the surrounding 
liquid when the cell is immersed in water, the compartment having a vent 
opening above the water level therein of a size permitting venting of gas 
20 but smaU enough to prevent leakage in the cell is laid on its side, provid- 
ing an aqueous solution of sodium chloride or sodium hydroxide in the 
irompartment, inserting the ceil into water and energizing the cell for 
ti-eatment of water to oxidize contaminants or to raise the pH of the water. 
Another object of this invention is to provide a new and improved 
25 method for treatment of water to oxidize contaminants or to raise the pH 
of the water by providing small portable electrolytic cell, having an en- 
closed compartment containing an anode and a cathode supported on the 
compartment open to the surrounding Uquid when the cell is immersed 
in water, insertingthe cell into water and energizing the cell for treahnent 
30 of water to oxidize contaminants or to raise the pH of the water. 
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Another bject of this invenHon is t provide a new and improved 
method for treatment of water to oxidize contaminants r to raise the pH 
of the water by pr viding small portable electrolyHc cell, having an en- 
closed compartment containing an anode, an opening in a wall of the 
5 compartment closed by an ion-permeable membrane, and a cathode sup- 
pcMTted on the compartment adjacent to the membrane open to the sur- 
rounding liquid when the ceU is immersed in water, inserting the cell 
into water and energizing the cell for favatment of water to oxidize con- 
taminants or to raise the pH of the water. 

10 Another object of this invention is to provide a new and improved 

method for treatment of water to oxidize contaminants or to raise the pH 
of the water by providing small portable electrolytic cell, having an en- 
closed compartment containing a cathode, an opening in a wall of the 
compartment closed by an ion-permeable membrane, and an anode sup- 

15 ported on the compartment adjacent to the membrane open to the sur- 
rounding liquid when the cell is immersed in water, inserting the cell 
into water and energizing the cell for treatment of water to oxidize con- 
taminants therein. 

Other objects will be apparent from time to time throughout the 
20 specif icationand claims as hereinafter related. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic view of an electrolytic cell Ulustrating a pre- 
ferred embodiment of the invention. 

FIG. 2 is a schematic view of the elech-olyticcell, as shown in Fig. 2, 
25 in a container of water being treated by the cell. 

FIG. 3 is a view in elevation of the assembled housing of the cell 
shown in FIG. 1. 

FIG. 4 is a view in longitudinal center section of the cell and hous- 
ing shown in Fig. 3. 
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FIG»5isanexpl ded view of the cell and h using sh wn in Fig. 3. 

FIG. 6 is a view in elevation of part of the cell housing of the cell 
shown in Fig. 3. 

FIG. 7 is a section, taken on the line 7-7 of Fig. 6. 
5 FIG. 8 is an exploded view of another embodiment of the cell and 

housing shown in Figs. 3-4. 

Fig. 9 is an isometric view of another embodiment of the cell, 
shown in HG. 1 in a container of liquid. 

FIG. 10 is an exploded view of the cell and housing shown in Fig. 

10 9. 

FIG. 11 is an isometric view of another embodiment of the cell 
installed in the wall of a container of liquid. 

FIG. 12 is a schematic view of an electrolytic cell illustrating an- 
other embodiment of the invention. 
15 FIG. 13 is a schematic view of the electrolytic cell, as shown in Fig. 

12, in a container of water being treated by the cell. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to the drawings by numerals of reference. Fig. 1 illus- 
trates a preferred embodiment of a small portable electrolytic cell 10 of a 
20 size suitable for carrying on the person or in a pocket of an individual. 
Cell 10 has a housing 11, which is shown more fully in the embodiments 
described below. Housing 11 includes an enclosed compartment 12 hav- 
ing an electrode 13 connected by wire 14 to a negative DC source to func- 
tion as a cathode. Compartment wall 15 has an opening 16 formed therein 
25 that is closed by membrane 17. 

Membrane 17 is an ion-permeable membrane that conducts ca- 
tions, e.g., Na+. Ion-permeable membrane 17 is preferably a suitable ca- 
tion exchange, electrically conductive membrane of the type convention- 
ally used in electrol3rtic cells provided with membrane separation of the 
30 anode and the cathode compartments. The preferred membranes are 
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fluorinated polymers and preferably perflurosulfonic acid polymers, 
preferably NAFION" manufactured by Dupont. 

An electrode 18 is supported on housing 11 and connected by wire 

19 to a positive DC source to funcHon as an anode. The cell 10 therefore 

5 h« an to enclosed cathode 13 and an exposed anode 18. When the cell 10 
is placed in water or other aqueous liquid containing dissolved salt 
(NaCl) and energized, it will produce chlorine or other oxidants at the 
anode 18 and will evolve hydrogen (H2) at the cathode 13. Vent opening 

20 in the wall of compartment 12 is small, i.e., of a size (capilla^r size) 

10 PennittingtheventingofH2andpreventingleakageofsolutionfromthe 
compartmentlS when inverted or laid on its side. 

Fig. 2 illustrated the use of cell 10 in treatment of water. When cell 
10 is immersed in water which contains, or to which there has been 
added, a small amount of salt, sufficient to be electrically conductive, and 
15 is energized, chlorine and other oxidants are produced at anode 18 and 
hydrogen and sodium ions (Na+) are produced at the cathode 13. Cell 10 
may be smaU enough to be inserted in a water tumbler or drinking glass 
and, when energized, produces enough chlorine and other oxidants to pu- 
rify the water against bacterial contaminants. 
20 When cell 10 is manufactured, compartment 12 is charged with an 

alkaline (NaOH) solution for initial operation, and conHnued operation 
produces additional NaOH. In Rg. 2, the container 21 is shown as having 
an inlet 22 and ouUet 23 for continuous water flow. The container 21 may 
be a water reservoir used in a home drinking water supply or the like. 
25 Container 21 may also be a holding tank for effluent from a wastewater 
treatment facility and the treatment has been shown to be effective in 
eliminatingbacterialcontamination.If the construction is reversed so that 
the anode is enclosed and the cathode is exposed, the cell, when ener- 
gized, produces chlorine or other oxidant in the enclosed chamber and 
30 NaOH at the exposed cathode that increases the pH of the water being 
treated. 
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Figs. 3- 7 show various details f a commercial application f the 
cell 10 shown in schematic views 1 and 2. Cell 10 comprises housing 11 
which includes upper housing 24, lower housing 25, and upper cover 26, 
and a lower cover 27. 
5 The housing components 24-27 are of cast, shaped, molded or 

formed plastic material, eg., polyethylene, pol3^ropylene, acxylic, polyu- 
rethane,etc« 

Upper cover 26 has a push button switch 28 (Figs 34) for operating 
a pilot light 29 (Figs. 3-4), a socket 30 (Figs. 3-4) for connection to an exte- 

10 rior power pack (low voltage DC output transformer), and a clip 31 (Fig. 5) 
for carrying or for supporting the cell on the wall of a container. 

Upper housing component 24 is a hollow tubular member 32 hav- 
ing an upper wall closure 33 vrith opening 34 and 35 , and a bottom wall 
closure 36 with openings 38 and 38, for passage of the wires 19 and 14 

15 from the anode and cathode in the cell. An upper end portion 39, of re- 
duced diameter, on tubular member 32 is secured in upper cover member 
26 by a press fit. A lower end portion 40, of reduced diameter, on tubular 
member 32 is secured in the upper end of lower housing component 25 by 
a press fit. 

20 Lower housing component 25 corresponds substantially to the cell 

10 as shown and described for Figs. 1 and 2. Housing 11 includes an en- 
closed compartment 12 having an electrode 13 connected by wire 14 to the 
negative DC side of socket 30 to function as a cathode. Compartment wall 
15 has an opening 16 formed therein that is closed by membrane 17. 

25 Membrane 17 is an ion-permeable membrane that conducts ca- 

tions, e.g., Na+. Ion-permeable membrane 17 is a suitable cation ex- 
change, electrically conductive membrane, e.g., N AFION, of the tjrpe con- 
ventionally used in electrolytic cells provided with membrane separation 
of the anode and the to cathode compartments. An electrode 18 is sup- 

30 ported on housing 11 and connected by wire 19 to a positive DC source to 
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function as an anode. The cell 10 therefore has an enclosed cathode 13 and 
an exposed anode 18. 

A tubular sleeve 41, having a plurality of holes or perforations 42, 
(Fig. 5) is secured (by press fit) on a reduced diameter portion 43 of hous- 
5 ing. Sleeve 41 protects the anode 13 and membrane 17 from damage in 
handling. Lower cover member 27 is secured by press fit on housing 25 
over sleeve 41 to keep the membrane 17 from drying out when the cell is 
removed from the body of water in which it is used. 

The cell assembly as shown in Figs. 3-7 is carried in an assembled 

10 condition prior to use. Clip 31 permits carrying the assembly on one's 
clothing and may also be used to secure the cell to a wall of a container 
for the water of other liquid being treated. The lower cover 27 is removed 
at the point of use and the cell placed in position for operation. Where the 
cell is small, e.g. pocket size, it may be used for treating water in a tum- 

15 bier or water glass. W^ere the cell is larger, it may be placed in a con- 
tainer of water in either a static or flowing condition. 

As noted above, compartment 12 (enclosed cathode chamber) is 
charged initially with aqueous NaOH and addiHonal NaOH is produced 
in operation. A small quantity of salt (NaQ) is added to the water being 

20 treated in an amount sufficient to conduct electric current. In larger size 
units, where a cell is used to treat effluent from a sewage treatment sys- 
tem, the dissolved materials in the effluent may make the addition of salt 
unnecessary. The cell then has an external power pack (DC-output trans- 
former) plugged into socked 30 and switch 28 operated to energize the 

25 cell. The cell 10 thus operated as an electrolytic cell with anode 13 posi- 
tioned in the water or liquid being treated. Chlorine and other oxidants 
are generated at the anode 13 and dissolve in the liquid to destroy harm- 
ful bacteria that may be present. 

DESCRIPTION OF ANOTHER EMBODIMENT 

30 Fig. 8 is an expl ded view of another embodiment f^the invention 

that is battery operated. 

14 
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CeU 10 c mprises upper housing 44, lower housing 45 and 46, and 
upper cover 47, and a lower cover 48. The housing components 44-48 are 
of cast, shaped, molded or formed plastic material, e,gv polyethylene, 
polypropylene, acrylic, polyurethane, etc* as in Figs. 4-7. 
5 Upper cover 47 closes the top opening 49 in upper housing 44 to 

close a battery compartment containing batteries 50. Upper cover 47 has a 
clip 51 that has the same function as clip 31 in the embodiment of Figs. 4- 
7. Upper housing component 44 has a lower end portion 52 of reduced di- 
ameter which fits into upper end of housing portion 52 which houses a 

10 switch 53 to actuate a pilot light 54 and the electrodes of cell 10. Lower 
housing component 46 is substantially the same as component 25 of Figs. 
4-7. A tubular sleeve (not shown), having a plurality of holes or perfora- 
tions is secured (by press fit) on a reduced diameter portion of housing 
46. The sleeve protects the anode and membrane from damage in han- 

15 dling. Lower cover member 48 is secured by press fit on housing 46 over 
the sleeve to keep the membrane from drying out when the cell is re- 
moved from the body of water in which it is used. 

The cell assembly as shown in Figs. 8 is carried in an assembled 
condition prior to use. Clip 51 permits carrying the assembly on one's 

20 clothing an may also be used to secure the cell to a wall of a container for 
the water or other liquid being treated. The lower cover 48 is removed at 
the point of use and the cell placed in position for operation. This cell is 
small, e.g. pocket size, and is used for treating water in a tumbler or wa- 
ter glass. 

25 As in the other embodiment, the enclosed cathode chamber is charged 
initially with aqueous NaOH and additional NaOH is produced in opera- 
tion. A small quantity of salt (NaCl) is added to the water being treated in 
an amount sufficient to conduct electric current. The cell is energized by 
batteries 50 on operation of switch 53. The cell 10 thus operated as an elec- 

30 trolytic cell with the anode positioned in the water or liquid being 



15 



WO91M04S02 PCT/USJ7/10679 

treated. Chlorine and other oxidants are generated at the anode and dis- 
solve in the liquid to destroy harmful bacteria that may be present. 
ANOTHER EMBODIMENT 

Figs. 9 and 10 show details or construction and operation of 
5 still another embodiment of the invention. This embodiment is a larger 
size sell and is used for larger water treatment facilities and for treating 
effluent from sewage treatment facilities. Fig. 9 shows this embodiment 
of cell 10 in operation in a flowing liquid treatment system. Fig. 10 shows 
details of the cell 10. 

10 Cell 10 has a housing 55 which includes an enclosed compartment 

56 having an electrode 57 connected by wire 58 to a negative DC source to 
function as a cathode. Compartment 56 has an opening 58 is closed by 
membrane 59. Membrane 59 is an ion-permeable membrane that con- 
ducts cations, e.g., Na+. Ion-permeable membrane 59 is preferably a suit- 

15 able cation exchange, electrically conductive membrane of the type con- 
ventionally used in electrolytic cells (preferably N AHON) provided with 
membrane separation of the anode and the cathode compartments. 

An electrode 60 is supported on housing 56 and connected by wire 
61 to a positive DC source to function as an anode. The cell 10 therefore 

20 has an enclosed cathode 57 and an exposed anode 60. When the cell 10 is 
placed in water or other aqueous liquid containing dissolved salt (NaCl) 
and energized, it will produce chlorine or other oxidants at the anode 60 
and will evolve hydrogen (H2) at the cathode 57. Openings 62 and tubes 
63 in the wall of compartment 56 provide for circulating water through 

25 the cathode compartment to cool the cell during operation at high amper- 
ages. 

Fig. 9 illustrates the use of cell 10 in treatment of large quantities 
of water. When cell 10 is immersed in water which contains, or to 
which there has been added, a small amount of salt, sufficient to be 
30 electrically conductive, and is energized, chlorine and other oxi- 
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dants are produced at anode 60 and hydrogen and sodium ions (Na') 
are produced at the cathode 57. When cell 10 is manufactured, com- 
partment 56 is charged with an alkaline (NaOH) solution for initial 
operation, and continued operation produces additional NaOH. In 
5 Fig* 9, the container 64 is shown as having an inlet 65 and outlet 66 
for continuous water flow. 

ANOTHER EMBODIMENT 
Fig. 11 shows still another embodiment of the invention in which 
the anode is immersed in the body of water being treated and the cathode 
10 is exposed aiid without any solution present 

A container 67 has cell 10 (modified) supported in a watertight 
opening in the wall thereof. Membrane 68 and cathode 69 are positioned 
outside the container 67. A wire 70 is connected to the negative side of a 
DC power supply. Anode 71 is secured on cathode 69 and has wire 72 
15 connected to the positive side of the DC power supply. 

The container 67 is filled with water and a small amount of salt 
added. When the a current is passed between the anode 71 and cathode 
69, bubbles of chlorine are evolved at the anode 71, even though there is 
no liquid at cathode 69 other than a small amount which wets the mem- 
20 brane and contacts the cathode. This cell is relatively inefficient but does 
produce chlorine gas. 

ANOTHER EMBODIMENT 
In Figs. 12 and 13, there is shown another embodiment of the in- 
vention in which the relative positions of the anode and cathode are re- 
25 versed. 

Ref enring to Fig.l2, there is shown a cell 10 which has a housing 74 in- 
cluding an enclosed compartment 75 having an electrode 76 connected by 
wire 77 to a positive DC source to function as an anode. Compartment 
wall 77 has an opening 78 formed therein that is closed by membrane 79. 
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Membrane 79 is an i n-permeable membrane that conducts ca- 
tions, 25 e.gv Na+. I n-permeable membrane 79 is preferably a suitable 
cation exchange, electrically conductive membrane of the type conven- 
tionally used in electrolytic cells provided with membrane separation of 
5 the anode and the cathode compartments. The preferred membranes are 
fluorinated polymers and preferably perflurosulfonic acid polymers, 
preferably NAHON", manufactured by Dupont. 

An electrode 80 is supported on housing 74 and connected by wire 
81 to a negative DC source to function as a cathode. The cell 10 therefore 

10 has an enclosed anode 76 and an exposed cathode 80. When the cell 10 is 
placed in water or other aqueous liquid containing solute for electrical 
conductivity and to compartment 75 has NaQ added, and the cell ener- 
gized, it will produce chlorine or other oxidants at the anode 76 (in com- 
partinent 75) and will evolve hydrogen (H2) and Na+ ions at the cathode 

15 80. 

Fig. 13 illustrated the use of cell 10 of Fig. 12 in treatment of water. 
When cell 10 is immersed in water which contains, or to which there has 
been added, a small amount of solute, sufficient to be electrically conduc- 
tive, and NaCl solution is added to compartment 75, and the cell is ener- 
20 gized, chlorine and other oxidants are produced at anode 76 and hydrogen 
and sodium ions (Na') are produced at the cathode 80. This has the effect 
of substantially raising the pH of the water to pH 10 or higher. In Fig. 13, 
the container 82 is shown as having an inlet 83 and outiet 84 for continu- 
ous water flow. 

25 While this invention has been described fully and completely with 

special emphasis upon several preferred embodiments, it should be un- 
derstood that within the scope of the appended claims the invention may 
be practiced otherwise than as specifically described herein. 
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CLAIMS: 



5 



1. A small portable electr lytic cell having: 
a container containing an electrolyte, 
an anode positioned in said electrolyte, 
a cathode positioned outside said electrolyte. 



an ion-permeable membrane positioned between said anode and 
said cathode and in contact with said cathode, and 

a DC power source connected to said anode and said cathode, 
said cell being operable to generate a gas derived from said electrolyte at 
10 the surface of said anode. 



erate chlorine or other oxidant when said exposed electrode is an anode, 
or to increase the pH of said liquid when said exposed electrode is a cath- 
ode. 



an ion-permeable membrane positioned between said electrodes. 

4. An electrolytic cell according to claim 2 including 

a hook for supporting the cell on the wall of a container of water 
25 being treated. 

5. An eIectrol)rticcell according to claim 2 in which 

said cell is of a size suitable for canying on the person or in a 
pocket of an individual, for treatment of water to oxidize contaminants or 
30 toraisethepHof the water. 



15 



2. An electrolytic cell according to claim 1 comprising 

an enclosed electrode and an exposed electrode, 

an electrol)rte in contact with said enclosed electrode, and 

said cell being operable when immersed in aqueous liquid to gen- 



20 



3. An electrolytic cell according to claim 2 including 
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6. An electrolytic cell according to claim 2 in which 
said cell includes batteries or a D*C-output transf rmer to supply power 
thereto. 



5 7. An eIectrol3ftic cell according to claim 2 in which 

said cell comprises an enclosed compartment, 
one electrode enclosed in said compartment, 
another electrode supported on said compartment and open to said 
aqueous liquid when the cell is immersed therein. 

10 

8. An electrolytic cell according to claim 7 in which 
said one electrode is a cathode, and 
said another electrode is an anode. 



15 9. An electrolytic cell according to claim 7 in which 

said one electrode is an anode, 
said another electrode is a cathode and 

an ion-permeable membrane secured between said electrodes. 

20 10. An electrolytic cell according to claim 6 in which 

said compartment has an opening in a wall thereof, 
an ion-permeable membrane secured in said compartment wall 
opening, and 

said another electrode being supported on said compartment adja- 
25 cent to said membrane and open to the surrounding liquid when the cell 
is immersed therein. 



11. An electrolytic cell according to claim 10 in which 
said one electrode is a cathode, and 
30 said another electrode is an anode. 
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12* An electrolytic cell according t claim 11 including 
a plurality of passageways for circulating cooling water through 
enclosed c mpartment. 

5 13. An electro]3rtic cell according to claim 7 in which- 

said enclosed compartment has a vent opening in one wall thereof 
of a size permitting venting of gas but small enough to prevent leakage of 
liquid therethrough* 

10 14. An electrolytic cell according to claim 2 in which 

said cell comprises an enclosed compartment, 
one electrode enclosed in said compartment, 

another electrode supported on said compartment and open to said 
aqueous liquid when the cell is immersed therein, and 
15 a perforated tubular shield supported on and surrounding said 

compartment and said another electrode. 

15. An electrolytic cell according to claim 14 in which 

said enclosed compartment is at least partially of circular cross sec- 

20 Hon, 

said another electrode and said compartment are of a size fitting 
'^'within said perforated tubular shield, and 

a cylindrical cover member removably fitting over said tubular 
shield. 
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It 

16. An electr F^rticcell according to claim 2 in which 
said cell comprises a tubular housing f rmed in at least three sec- 
tions, 

an upper housing section including means for supplying power to 
5 the cell 

a center housing section comprising an enclosed compartment, 

one electrode enclosed in said compartment, 

another electrode supported on said compartment and open to said 
aqueous liquid when the cell is immersed therein, 
10 a perforated tubular shield supported on and surrounding said 

compartment and said another electrode, and 

a lower housing section comprising a closed end tubular cover fit- 
ting over and closing said center housing section. 

15 17. A method of treating aqueous liquid to purify it or to increase 

its pH comprising the steps of: 

(a) providing a small portable electrol)rtic cell having an enclosed 
electrode arid an exposed electrode, and an electrolyte in contact with said 
enclosed electrode, 
20 (b) dissolving a salt in aqueous liquid to be treated, and 

(c) immersing said cell in said aqueous liquid and enwgizing said 
cell to generate chlorine or other oxidant when said exposed electrode is 
an anode, or to increase the pH of said liquid when said exposed elec- 
trode is a cathode. 

25 

18. A method according to claim 17 in which 
said enclosed electrode is a cathode, 
said exposed electrode is an anode, 

an ion-permeable membrane is positioned between said anode 
30 and said cathode, 

the electrolyte is aqueous solution of a chloride salt, and 
the product from said anode when said cell is energized is chlorine 
and other oxidants. 
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if 

19. A method according to claim 17 in which 
said end sed electrode is an anode, 
said exposed electrode is a cathode, 

an ion-permeable membrane is positioned between said anode 
5 and said cathode, 

the electrolyte is aqueous solution of a salt, and 
said cathode releases NaOH when said cell is energized to raise the 
pH of the water in the electrolyte. 

10 20. A method according to claim 17 in which 

said cell includes a housing having a hook thereon, and 
said cell is placed in a container with said hook supporting the cell 
for operation. 

15 21. A method according to claim 17 in which 

said cell includes a compartment with an opening in a wall 
thereof, 

an ion-permeable membrane secured in said compartment wall 
opening, and 

20 said another electrode being supported on said compartment adja- 

cent to said membrane and open to the surrounding liquid when the cell 
is immersed therein. 
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22. A method acc rdingi claim 17 in which 
said one electrode is a cathode, and 

said another electrode is an anode, 

said cell includes a compartment with an opening in a wail 
5 thereof, 

an ion-permeable membrane secured in said compartment wall 
opening, and 

said anode being supported on said compartment adjacent to said 
membrane and open to the surrounding liquid when the cell is immersed 
10 therein. 

23. A method according to claim 17 including the step of 
circulating cooling water through said enclosed compartment. 
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